A simple test of full-spectrum light found that changing the lamps in a restaurant's dining room had no noticeable effect on diners' purchases or the length of time at table. The study was motivated by the common perception that full-spectrum light increases people's sense of well-being, which should, in turn, result in behavioral changes. With the cooperation of a table-service restaurant that has two similar dining rooms, the study involved changing the lights in one of those dining rooms. With the lamps replaced, the researchers compared average checks and meal durations between the dining rooms, and also compared the main dining room sales when it had regular incandescent light with sales during the full-spectrum light test. None of the comparisons showed any difference between the regular lighting and the full-spectrum lighting with regard to customers' purchases. Because the change to full-spectrum light in this study was intentionally subtle to conform to the operator's needs, future research should involve a more controlled study that also manipulates and takes into account changes in the brightness of the light. However, the results of this study do not support claims that full-spectrum light affects diners' activities.
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Examining the Effects of Full-Spectrum Lighting in a Restaurant
by Stephani K.A. Robson and Sheryl E. Kimes, Ph.D.
Lighting in Restaurants
Restaurant designers often put considerable emphasis on lighting to create warm, inviting, or even dramatic effects. While a simple take-out operation might use only the familiar and utilitarian ceiling-mounted fluorescent fixtures because of their low cost, full-service restaurants often apply some combination of hanging fixtures (pendants), recessed down lights, small spotlights on tracks or cables, and tabletop accent lights to create atmosphere in the dining room. The lighting budget can reach well into the tens of thousands of dollars for a high-end restaurant. A designer's lighting decisions are typically made according to the desired lighting effect, although a good designer will also take into account ongoing costs for energy and of replacing bulbs (called "lamps") over time. Perceived brightness, color temperature, and light quality all combine in an effective lighting design, and any of these aspects might influence diners' behavior. Perceived brightness is largely a function of lamp wattage, but that is modified with shielding by means of lenses or shades.
Color temperature expresses the apparent color of the light, whether bluish, reddish, or yellow, for instance. Color temperatures that have been measured relative to a standard using the Kelvin scale are usually termed "corrected" color temperatures. 2 Most lamps have a corrected color temperature rating listed on the packaging. As a comparison, everyday incandescent lamps have a corrected color temperature of around 2,500°K and appear warmer, or more yellow, than cool-appearing, fluorescent lights, which have a corrected color temperature of around 4,500°K and appear bluer to most people. A final light variable, light quality, which can be affected by the type of shade, light placement, and the type of lamp, relates to the way the light appears to a viewer. The intensity of an incandescent lamp filament stands in contrast to the more uniform, less intense fluorescent lamp. The attributes of fluorescent light, coupled with its longer lamp life and lower energy costs, make it a popular choice for back-of-house areas and some dining areas (particu-larly in quick service or take-out operations), but it does not allow as much creative freedom to the designer as does incandescent light.
Most people prefer the warm, flattering light given off by incandescent lamps to that of fluorescents. Because incandescent lighting lends itself to being focused or directed, designers can use incandescent lamps of several types to define areas in the restaurant, highlight key functions (such as a food display or an open kitchen), emphasize textures on the walls or ceiling, and establish a mood. Pendants over individual dining tables can make each table feel intimate, while ceiling-mounted spotlights can be trained on menu boards, artwork, carving stations, or back bars to draw the guest's attention and add life to the dining room.
The availability of so-called full-spectrum lightintended to match daylight-has added another choice for restaurant designers. A popular choice for residential use, full-spectrum light is supposed to render colors so that they appear more natural and attractive, and some vendors assert that this form of light enhances people's mood, sharpens mental awareness, and even increases sales in retail environments, among other benefits. 3 Lamps with a corrected color temperature of greater than 5000°K can be considered to be full-spectrum, although we know of no standard within the lighting industry for the color temperature of full-spectrum lamps. Full-spectrum lighting is available in both fluorescent and incandescent forms.
Most people recognize that fluorescent lights are more energy efficient than incandescent lamps. 4 Moreover, full-spectrum lighting tends to have a shorter life than lamps with cooler corrected temperatures, making the fullspectrum light a more costly investment for the operator. Nevertheless, restaurateurs and designers may be attracted to incandescent, full-spectrum lighting because of its ability to render colors well or because of its claimed effects on customers. We examine the accuracy of these claims of behavioral effects, particularly in view of the higher price of full-spectrum lighting. 
Research on Lighting
Recently, researchers have examined how atmospheric elements in the service environment affect customers. Most of these studies have focused on manipulating music or scent, and sometimes music and scent in combination. 5 These two atmospheric elements are relatively easy to adjust. In most of these studies, modest but significant effects have been identified that appear to influence customer behavior.
Unlike music and scent, lighting in service environments has not been extensively studied despite being acknowledged as an important element of the consumer experience. 6 Manipulating lighting in a real environment is more challenging than manipulating music or scent, and therefore many of the studies that involve lighting rely on adjusting light levels using existing fixtures 7 or simply changing the brightness setting when showing videos of restaurants to participants. 8 Some studies have examined the apparent color temperature of the lighting, finding that warm light encourages feelings of comfort, although this effect appears to vary by gender. Claims regarding the effects of full-spectrum light need to be investigated.
Many studies have been done using daylight or natural light, determining that daylight appears to have significant effects on people, such as reduced agitation in Alzheimer's patients, improved healing after surgery, 2 and increased purchasing in a discount store. 3 Studies have found that warm-color lighting influences mood 4 and is preferred for residential and other casual settings. 5 This appears to have some basis in human biology: humans have photoreceptors that are sensitive to the chromatic character of light, exhibiting increased arousal under bluish (or "cooler") light and reduced arousal in warmer (reddish) light. 6 There have been many claims regarding the effects of full-spectrum fluorescent lighting in office settings, including improvements in task performance, visual acuity, and sense of well-being. However, independent research into the effects of full-spectrum lighting on health, mood, and productivity has found inconsistent results. Some studies indicate that full-spectrum light has such favorable effects, 7 while others found no significant evidence. 8 We could find only a single proprietary study performed by a consultant to a lighting system manufacturer that offered evidence of positive effects of a dynamic full-spectrum lighting system on duration, mood, and customer attitudes in a retail environment.
We have found little published research examining the influence of lighting in restaurants. A few authors have made connections between lighting and food consumption habits, but there is little agreement in the few studies done of dining under different lighting conditions. 20 Only one study appears to present any evidence of changes in lighting's effect on diners. In that one, Sommer found that bar patrons had shorter lengths of stay and consumed fewer drinks in brightly lit environments. 2 Certainly one goal of restaurant lighting is to create an attractive, pleasant setting for a meal. Pleasure has been linked with spending behavior and restaurant preference, which are mediated by emotions that can be influenced by lighting's character. 22 So it might be surmised that pleasing lighting may encourage higher spending that is motivated by people's favorable emotional response to the environment. Light-both in terms of its color and its brightness-has also been shown to influence arousal, 23 which in turn affects consumer behavior. 24 However, arousal in a restaurant setting must be considered carefully; diners have different preferred levels of arousal depending on the desired Testing Full-spectrum Lighting
We developed four hypotheses about how full-spectrum lighting might influence dining patrons' behavior, based on findings from the lighting and consumer behavior literature. In general, we hypothesized that full-spectrum incandescent lighting (cooler light) would shorten dining duration, while regular incandescent lighting (warmer light) would lengthen it. This is consistent with research which suggests that more arousing environments result in faster dining speed. 27 We also hypothesized that a more arousing environment such as that generated by cooler light would increase spending, whereas warmer light would result in lower spending. experience. 25 Environments that are too arousing can be overstimulating and unpleasant, whereas insufficient arousal can be perceived as dull and uninteresting. 26 A key factor, then, in determining the appropriate lighting for a restaurant would be adjusting the light to be sufficiently arousing but not excessively so. The literature, however, does not make clear what such a light level might be. With the dozens of lighting choices available to a restaurant operator, making an informed decision when planning a restaurant environment becomes more challenging without tests of different types of lighting in a real dining setting. 
Exhibit 1 reflected ceiling plan of experimental dining room
To base our study on objective observation, we purposely did not examine guests' preferences regarding lighting, nor did we ask for self-reports regarding responses to lighting conditions. We did not want the possibility of influencing diners' behavior by calling attention to the lighting with a questionnaire. Another reason for limiting the study to observed behavior was to align the study with actual actions rather than with perceptions. However, we were careful to keep the lighting we tested consistent with the concept of the restaurant and realistic for a dining operation.
For the test, we altered lighting conditions in a fullservice, casual dining restaurant in upstate New York. The facility has two distinct dining environments: a 30-seat main dining room with windows on one side of the space, and a secondary 36-seat dining space with expansive windows on two sides. (The restaurant also has a separate bar area, which was not examined in our study.) Because the windows in the main dining room were flanked by heavy window treatments and only a small proportion of the wall space admitted natural light, we elected to change the lighting only in the main dining room. This allowed us to use the secondary dining room as a comparison for control purposes. We also collected data only during the evening, when lighting conditions in both dining rooms were least likely to be affected by daylight. Thus, we were able to control the light conditions relatively closely without disturbing patrons' typical dining experience.
Existing lighting in the main dining room consisted of three ceiling-mounted pendants, clustered in groups of three, mounted at between 7" and 8" above the floor. Each fixture held a single 25-watt amber-colored incandescent "chandelier-style" lamp, shielded by a handmade shade of wire and glass beads. In addition to the three pendant fixtures, the main dining room had five ceiling-mounted spotlights, each with a 75-watt halogen lamp mounted 8" above the floor. These fixtures were track-mounted and could be aimed in any direction, but were positioned to illuminate circulation routes and to provide focus lighting on wall-mounted menu blackboards. Finally, the space included four wall-mounted sconces, each with a 25-watt incandescent chandelier lamp similar to that used by the pendants, and shielded in the same manner. The sconces were wired to a single circuit with a simple on-off switch, while the pendants and ceiling-mounted fixtures were wired together on a single 40-amp circuit with a dimmer switch. A reflected ceiling plan of the main dining room is shown in Exhibit .
The room had no other lighting, although some light from the service areas and the open kitchen at the rear of the room could be seen in the dining area. This light was not strong and we didn't feel it would influence the dining experience in the main dining room. The light fixtures and their placement in the secondary dining room were similar, allowing it to serve as a good basis for comparison.
We conducted two light manipulations over a sevenweek period, as described below. In each study period, measurements of light levels were taken with a photographer's light meter at the start of the study period and on two other evening occasions during each phase of the study to ensure consistency across lighting conditions. Tables throughout the restaurant were identified by number in the point-of-sale system, allowing us to collect sales and duration data by date and table type. Thus, we could compare each table with similar tables in the other dining room. This allowed us to control for variations in customer behavior that may have occurred due to day of the week, weather conditions, menu specials, and other factors that would be consistent for all parts of the restaurant. We also collected point-of-sale data for a representative four-week period prior to the study period so that typical spending and duration behavior for each dining room could be assessed.
We studied the effects of three lighting conditions: existing lighting conditions (the "baseline"); a "pendants-only" condition, in which we installed full-spectrum chandelier lamps in the sconces and pendant lights only, but left the regular incandescent track lights untouched; and an "all lighting" condition in which we used full-spectrum lamps in all of the fixtures in the main dining room. Because of the limited availability of full-spectrum lamps that would fit the restaurant's existing fixtures, the experimental lamps burned at a slightly higher wattage than the baseline lamps did. To fix that, we adjusted the dimmer switch to compensate and conducted the periodic checks with the light meter to ensure that the light levels were consistent across the three lighting conditions. The shift manager was made aware of the importance of maintaining consistent light levels during data collection periods, but the restaurant's other employees were not informed that a study was taking place. In all other respects, the restaurant operated in its usual fashion.
Because the POS system's reporting functions were not able to provide party-size data for each transaction, we analyzed only two-top tables. This gave us a reliable calculation of party size (two), because this restaurant seated singletons in the bar area. Dining duration was measured as the elapsed time from the opening of a table's check to the closing of that check as recorded in the POS. This measure of duration, while imperfect, has proved to be a reliable method of collecting duration data for large sample sizes. 28 Spending was measured as the total value of each party's check divided by the number of seats at the table. Lastly, we created a com-
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The Center for Hospitality Research • Cornell University consistent significant differences, regardless of the lighting condition. Diners both stayed longer and spent more money in the secondary dining room than they did in the main dining room. (For confirmation, POS data from this restaurant collected for an earlier study was evaluated, and this pattern of duration and spending across the two dining areas was found in that study as well.) We could not determine why this might be the case. The dining rooms have identical menus and operating hours, as well as similar décor, table spacing, and layout. The chief difference is that the secondary dining room has many more windows than the main dining room has. We believe that this factor deserves further study, but we cannot see how this affects our study because light from the exterior was kept to a minimum by collecting data only at night. Despite the stronger performance in the secondary dining room in all conditions, this room still serves as a useful control, as the degree of variation for each lighting condition can still be compared between the two dining rooms.
The average check in the main dining room was significantly lower in the all-fixtures lighting condition than it was in the baseline condition, but in all other cases, there was no significant difference in spending, duration, or spending per minute in the three different lighting conditions in the main dining room.
In fact, we recorded declines in spending per minute across all three lighting conditions in both dining areas (see Exhibit 4). Controlling for server, day of the week, and table location within each dining room did not change our results.
It was possible that normal variations in spending and duration behavior from day to day masked any modest effects of lighting condition. So, we prepared an additional analysis of average check and duration in each dining room for each day of our study. For this analysis, the data collec- 
Results
A total of 2,888 transactions for two-top tables were recorded during the experimental period across the two dining environments. Further analysis revealed that for some of these transactions, tables had been combined to accommodate larger parties, so those observations were deleted from the analysis, as were any tables with a dining duration that was unusually short (under 0 minutes) or long (over 3 hours). Exhibit 2 summarizes the resulting sample.
The differences in the sample sizes were largely a function of the number of tables for two in each dining space; the control room had six deuces, while the main dining room had only three. In addition, the all fixtures data-collection period was nine days shorter than the other data-collection periods, a fact that largely accounts for the smaller samples for that treatment in both dining spaces. We shortened the all fixtures data collection period because of a seasonal slowdown that takes place near the December holidays; we wanted to ensure that all of our data was collected on typical days for the restaurant. However, even with unequal groups to compare, the relatively high number of observations in each condition reflects favorably on the study's validity.
As an initial measure of the influence of full-spectrum lighting on guest behavior, we computed and compared the means and standard deviations for average check and duration for each dining area for each lighting condition (Exhibit 3). Spending and duration in the two dining spaces showed 2 See: S.E. Kimes and S.K.A. Robson, "The Impact of 2006 , resulting in 87 days of observations. Although the restaurant operated every day during the study period, special dates such as Halloween and Thanksgiving had distinctive customer profiles. Moreover, on a few days, private parties had exclusive use of the secondary dining room, and so we removed these dates from the analysis. Statistical analysis that compared the differences in average check and duration between each dining area for each day of the study once again indicated that there was no significant difference across the different lighting conditions.
Discussion
These analyses together appear to indicate that the provision of full-spectrum lighting in the main dining room had no significant effect on check averages or meal duration. There was one small but significant reduction in mean average check between normal conditions and the all-full-spectrum lighting condition in the dining room we tested, but this was the only significant effect observed. Duration remained statistically consistent across all three lighting conditions in this space, as did spending per minute. While it may be tempting to attribute the decrease in average check to the switch to full-spectrum lighting, a closer look at the data shows that there was a modest reduction in average check in both the main dining room and secondary dining room as the experiment went on. The fact that this change occurred in the dining room in which the lights were not manipulated as well as in the one where we changed the lighting indicates that some factor or factors other than the full-spectrum lighting are influencing spending. It is possible that the change in the seasons may be affecting average check, given the approaching December holidays. Also, students make up a significant portion of this restaurant's * Significant difference from baseline, p < .05.
clientele, and student bank balances are quite possibly depleted at the end of the term. Whatever the explanation for this small decline in guest spending, it cannot be attributed to the provision of full-spectrum lighting.
Duration stayed roughly the same in the main dining room, while it increased slightly in the secondary dining room over the course of the study. Again, this is unlikely to be a function of the lighting, as the change occurred in the room where the lighting was not manipulated. It is difficult to pinpoint what might be causing this longer duration in one part of the restaurant but not another, but it is possible that the restaurant's practice of seating larger parties in the secondary dining room might have affected service to other tables in that dining room, including the two-tops we studied. Large parties become more common in December, and therefore the variations in service speed would be more marked during this period.
Other controllable aspects of the dining experience that can influence diners' purchasing and table duration are differences between servers, days of the week, and the location of the table. 30 We tested for the effects of these three factors, but we found no statistical support for any of them as contributing to the spending and duration variation we observed in the two rooms. Clearly, more study is needed.
Our finding that full-spectrum lighting had no effect on diners' behavior is consistent with studies of full-spectrum fluorescent lighting performed in office environments. Notwithstanding manufacturers' claims, several researchers have been unable to identify a significant effect of full-spectrum lighting on performance, mood, or health. We note that none of these studies was performed in a service setting. The Center for Hospitality Research • Cornell University products like full-spectrum lighting which are promoted as being "better" for customers than regular lights. We see no such advantage, especially given that full-spectrum lighting is more costly to purchase, needs to be replaced more frequently, and is less efficient in terms of light output than regular incandescent light. Based on this study we must suggest that restaurant managers save their funds and stick to the familiar incandescent lamps when choosing or replacing bulbs in dining room fixtures. It should be noted that we only tested incandescent lights in this study. Compact fluorescent light is a much more economical form of lighting and has attracted a great deal of attention because of its reduced energy costs compared to incandescent light. Governments are even exploring ways to legislate the use of compact fluorescent light as a way to combat global warming by cutting back on energy demands. 32 The availability of compact fluorescent lamps that can fit in many common light fixtures has made them 32 W.L. Hamilton, "Ideas and Trends: Illuminating; Incandescence, Yes.
Fluorescence, We'll See, " The New York Times, January 7, 2007. Even though our experiment examined full-spectrum incandescent light rather than full-spectrum fluorescent lighting, the fact that a significant effect on users could not be identified strengthens the literature regarding the inability of full-spectrum lighting to influence behavior significantly in everyday settings.
Implications for Managers
This study fails to support the claims of some lighting manufacturers that full-spectrum lighting can influence consumers' behavior. Equipping a restaurant dining room with full-spectrum lighting resulted in neither an increase in spending nor a change in the length of the meal. Although we did see some variation in spending and dining duration in the two dining rooms we tested for this study, it seems clear to us that these variations are due to effects other than the full-spectrum lighting.
Managers who are looking for ways to increase revenue by manipulating the dining environment often look to tion about Lighting and Fluorescent Lamp Type, " Journal of Environmental Psychology, Vol. 7 (7), pp. 253-262. High corrected color temperature options (over 5000°K) are available in compact fluorescent form, but they are often marketed under different proprietary brand names rather than as "full-spectrum. " We did not examine compact fluorescent lighting in our study due to the limitations of the existing fixtures in the restaurant. Even though compact fluorescents are sold in a variety of shapes and sizes, they still have a comparatively massive base that does not fit every fixture. We could not find full-spectrum compact fluorescent lamps that would fit many of the fixtures in the dining room. But the fact that fullspectrum lighting did not appear to have any influence on dining duration or spending suggests that restaurant operators may want to choose the least expensive lamp option if moving choosing compact fluorescent lighting. In any event, we suggest being wary of claims that full-spectrum choices will be better for the operation. Of course, if the cooler light given off by full-spectrum lamps is preferred for aesthetic reasons, an operator might be able to justify their higher life cycle cost as a cost of the design. However, the visual effects of these lamps cannot be said to improve the restaurant's bottom line in any significant way.
Limitations and Conclusion
Although this experiment examined consumers' behavior in a field setting rather than in a laboratory, its real-world setting raises some important limitations. The concerns of the restaurant operator limited the study's lighting manipulations to ones that would not substantially compromise the design intent of the restaurant. When seen side by side with normal incandescent light, most people see full-spectrum light as markedly different, but without such a reference, it may be that the dimmed full-spectrum incandescent light was too similar to regular incandescent light to have an effect on guests. Testing a variety of lighting types (e.g., full-spectrum and regular fluorescent; natural daylight) in a laboratory setting where conditions can be carefully controlled may result in a more significant finding regarding light's effects.
Light levels, or brightness, also influence how people perceive lighting. In keeping with the restaurant operator's wishes, we did not test different light levels in this study, even though earlier research in other types of environments suggests that brighter lighting may have a significant effect on arousal and, thus, duration and spending. Further studies should be performed in a restaurant setting where brightness can be tested.
We made every attempt to control external factors in the study, but it remains only a quasi-experiment due to the lack of random assignment of patrons to lighting conditions. We were also unable to control patrons' demographics. Thus, lighting might have had a significant effect on a small subset of customers, but that may have been masked in the larger sample. Although the restaurant where the study took place is popular with a wide range of people, it seems not to appeal to old customers. Those people might be more sensitive to lighting than are young people, whether because of the physical changes in vision or longestablished preferences. 33 While lighting has been studied in nursing homes and other institutional settings with old individuals, it does not appear that any studies have looked at lighting in restaurants or other service environments in relation to customers' age.
Last, the findings here represent results from a single restaurant operation. As with all research, replication in comparable settings may give us a better understanding of what influence, if any, that lighting has on restaurant patron spending and length of stay.
In summary, there appears to be little evidence that full-spectrum lighting makes any difference to diners' purchases in a full-service restaurant. While much more needs to be done to determine what types of lighting are the best choice for a restaurant operator, this study suggests removing one family of options from consideration. The extra purchase cost and ongoing operational costs of fullspectrum lighting do not appear to be offset by any benefit in customer spending or duration. n 33 M. LaGarce, op. cit. This study offers little evidence that full-spectrum lighting makes any difference to diners' purchases.
